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If the shearing stresses on the element are present, the additional strain equation 
for a two-dimensional field is 

7„ = T -f (4-9) 

For the principal directions, where shearing strains vanish, the principal strain 
formulas are 
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The system of stresses and strains in a two-dimensional field lends itself to a ge¬ 
ometrical interpretation by means of a Mohr’s circle [5]. Although this approach 
leads to a relatively simple method of stress analysis, it appears that few practicing 
engineers and designers resort to the graphical solutions. This is caused perhaps 
by the availability of the various numerical charts and calculators. 


MOHR’S CIRCLE OF STRESS 

The example of a Mohr’s circle of stress given in Fig. 4.3 represents Eqs. (4.4) to 
(4.6). It may be helpful to recall that in this particular geometrical interpretation 
of principal stresses the maximum shearing stress is defined by the radius of the 
circle, while the principal stresses are described by the points of intersection of the 
horizontal stress axis with the circle. As shown in Fig. 4.3, both applied stresses 
S x and S are positive and therefore are both measured from the origin 0 to the 
right. If one or both of these stresses are compressive, the construction of the circle 
is the same but the relevant distances are set out to the left of the origin. For 
example, if the applied stress along the y axis becomes compressive, negative S y is 
situated to the left of the origin in Fig. 4.3, while the remaining stress components 
are the same. The new Mohr’s circle for this case is shown by the dashed line. 
When a straight bar of uniform cross section is subjected to axial tension implied 
by Fig. 4.4, further Mohr’s circle techniques can be analyzed. Suppose that we 
wish to know the normal and shear stresses on a plane inclined at an angle 9 to 
the direction of axial force. Since the applied stress is also the principal stress S 1 , 
making S 1 = S and denoting the normal stress on the inclined plane by S n , the 
solution can be illustrated in the upper portion of Fig. 4.4. The method shows 
that the maximum shearing stress for an axially loaded bar is found for 29 = 90°. 
This result is often encountered in engineering work. It has also been observed in 
practice that yielding of a ductile material in tension is due to the slip along the 
planes of the maximum shearing stress. These slip lines appear roughly at 45° to 
the longitudinal axis of the test specimen subjected to tension. The pattern of the 
fine lines appearing on a well-polished specimen in tension was first observed by 
Liider in 1854. 



